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问题。本文将单扫描 SPEN 技术应用到局部相位像研究中，对促进 QSM 更深层
次和更广泛的应用具有重要意义。本文的主要研究成果有： 
一、首先对定量磁化率成像原理进行了简要介绍，接着对具有代表性的 QSM




QSM 重建。利用 l0 范数法对实验数据进行 QSM 重建，并对结果进行讨论。介绍








































Preliminary study on quantitative susceptibility mapping via 
single-scan spatiotemporally encoded MRI  
Ali Wang 
ABSTRACT 
Magnetic resonance imaging (MRI) which is based on the nuclear magnetic 
resonance (NMR) can provide a no damaged means to detect structure in vivo. Echo 
planar imaging (EPI) has the ability to acquire a whole image in a single-scan, but it is 
sensitive to susceptibility artifacts when it is operated in high or inhomogeneous 
magnetic field. Therefore, EPI is usually not suitable for phase imaging. Single-scan 
spatiotemporally encoded (SPEN) MRI is one of the effective approaches in dealing 
with this weakness. It has a higher natural immunity to field inhomogeneity and can 
provide image with similar quality to that from EPI method in homogeneous field. 
Quantitative susceptibility mapping (QSM) based on phase information is a hot 
question in scientific research and clinical application now. This paper proposed a 
local phase imaging method based on single-scan SPEN method, which will be of 
significance in promoting QSM having deeper and broader applications. The main 
work of this thesis is listed as follows. 
1. This paper firstly has a brief introduction of QSM principle. Then a 
comprehensive review was made about the methods of the typical reconstruction 
methods of QSM and background field removal methods, then a summary was 
presented about the applications of QSM in MRI. 
2. The reconstruction of QSM based on conventional sampling method was 
accomplished. Multi-echo pulse sequence was used to obtain FID data, Multi-echo 
data could provide more phase information which would be helpful in the 
reconstruction of QSM. This paper used l0 norm of gradient method to reconstruct the 
QSM images, and the results were discussed and compared. 
3. A fully refocused SPEN sequence was applied to local phase imaging 
researches for the first time, which could make the decoding signals from different 
positions get refocused about gradient and off-resonance, and the results of different 
samples had been analyzed and discussed, including SPIO sample, lemon sample and 
pig brain sample. The feasibility of applying this fully refocused SPEN sequence to 
















single-scan dynamic QSM. 
 



















第一章  绪论 
1.1 引言 
磁共振成像（Magnetic Resonance Imaging，MRI）技术[1]最早由美国科学家










重建出第一张 MR 图像。 
1975 年，Ernst 等人提出频率编码和相位编码的概念[4]，将二维傅立叶变换
（2D-FFT）应用到 MRI 图像重建中，大大缩短了图像重建时间。频率和相位编
码的提出，可以比较容易地将二维 MRI 扩展到三维 MRI，奠定了现代 MRI 的基
础，凭借这一贡献，Ernst 本人获得了 1991 年的诺贝尔化学奖。 




出使实时成像成为可能，依靠这一发现，Mansfield 和 Lauterbur 共同获得 2003
年的诺贝尔生理与医学奖。 




















在脉冲梯度场的作用下，实现一次扫描获得 2D 图像甚至 mD 图像。 
定量磁化率成像（Quantitative Susceptibility Mapping，QSM）诞生于 21 世
纪初[12-14]，是在磁化率成像（Susceptibility Weighted Imaging, SWI）基础上发展
起来的新的成像方法[15]，二者基于常被忽略的相位信息获取临床诊断信息[16]。
相位信息包含丰富的组织磁化率变化信息[17-19]，组织中的顺磁性物质会影响组织














拉莫方程可以知道，质子的共振频率与其所处的磁场强度 B 有关： 
 = B   (1.1) 
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